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WIND-TUNNBL INVESTIGATIOF OF A TAPERED WING
WITH A PLUG-TYPE SPOILER-SLOT AILERON AWD
PULL-SPAY SLOTTED FLAPS

3y John G. Lowry and Robert B, Liddell
SUMMARY

An investigation was made in the 7- dy 10-foot wind
tunnel of the Langley Memorial Aeronautical Laboratory of
several arrangements of a plug-type spoiler-slot alleron
on a tapered wing model of a typlcal fightsr ailrplane
having a full-span slotted flap. The plug-type aileron
s essentially a tapersd plug that fits 1nto a slot
through the wing to conform to the original external wing
contour when in the neutr2l position., When the aileron
s deflected, the plug projeots from the upper surfaoce of
the wing as o spoller and, at the same time, mekes a slot
through the wing vehind the spoiler. The static rolling-,
yawing~, and hinge-momant ooefficients were determined
and are preaented for scveral angles of attack and flap
deflections. ZEstimates of the rolling effsctivsness and
the stick forces for a fighter airplane are also glven.

The results irdicate tnat a plug-type spoiler-slot
alleron will provicde satisfactory lateral control on
tapered-ving aslirplanes with full-span slottsd flaps.
Pivoting the top plate of the plug and providing a simple
linkage for deflecting the plate relative to the plug of-
fers a poverful means of adjusting the stick foroce.

INTRODUOTION

The diffioulty of obtaining high 1lifts for landing
and take-off without impalring lateral control 1s one of
the problems arising from the inoreased speed and wing
loadling of the modern airplane., In order to obtain solu-
tions to this prcblem, the NACA is investigating, on a
semlspan model of the tapered wing of a modern fighter




aeirplane, lateral-control devioes that appeared promlising
from wigd~tunnel teets on a reotangular wing with a square

tipo

The present tests were made of a plug-type spoiler-
slot alleron on a tapered wing with a full-span NACA
slotted flap and may be considered an extension of the
wvork renorted in reference l. The object of the wind-
tunnel tests was to determine the 1i1ft charaoterlstios
and the alleron-control charaoteristices for various de-
flections of the slotted flap and various modifloations
of the plug.

The stick forces and the rates of roll were estimated
for.an airplane with one of the plug modifications and for
two alleron differentials,

In order to muke the text and figures hereln more
conoclse, the term."plug sileron" will be sudbstituted for
the previously used term "plug-type spoiler-slot alleron,"

APPABATUS AND METHODS

‘A semispan wing model was suspended in the 7- by 10-
foot wind tunrel (reference 3) of the Langley Memorial
Asronautical Laboratory as shown schematically in figure
l., The root chord of the model was adjacent to one of
the vertical walls of the tunnel, the vertical wall there-
by serving as a refleotion plane. The flow over a seml-
span mocel in thlie set-up 1s cesentially the same as 1t
would be over a oomplete model in a 7- by 20-foot wind
‘tunnel, Although a very emall olearanoe was malntained
between the root chord and the tunnel wall, no part of
the model waas fastened to or in contgct with the tunnel
wall, The model was 80 arranged on the balance frame
that all the forces and roments acting on 1t might be de-
termined. (See fig., 1,) Provisions were made for chang-
ing the angle of atteck while the tunnel was in operation.

The ellerons were defleoted by meane of a calidbrated
torque rod conrecting the outboard end of tane alleron
with a crank outeside the tunnel wall and the hinge momente
were determined from the twist ‘of the rod (fig. 1).

The semispan wing model used in these tepte was
built to the plan form shown in figure 2. The ordinates




of the wing sectionr are given in table I. The airfoil
sections of the Nala 230 gserlies tapered in thickness
from approximately LBki-percent chord at the root to 8} -
Percent chord at the tip. The basic chord,.c,, of the
model was arbitrarily inereased 3/10 ineh to reduce the
tralling-edge thicknees and the last few stations were
refalred to give a2 smoosth contour, The full-gpan slotted
flap, bullt to conform to the ordinates of table II, was
Plvoted about the fla% plvot goint given in table II and
could be deflected 409 and 50Y, The slot ghape for the
gslotted flap 18 given in table II, The plug alleron was
bullt of sheet metal to the dimensions given in figure 3.
The rodificationsg 0f the plug aileron are gshown in figure
4. The wing model recresents the porticsn of the alrplane
shown cross-natchead in figure 6.

All tests witn the slotted flap retrecied were made
at 4 dynamie pressure of 16,37 pounds per square foot,
waiceh correspords to a velocity of about £0 nmiles per
hoir anl to a test Reynolds number of a%out 2,050,0C0
baszed on the mean aerolrnsmlie chord c¢f 33.66 inchas, The
tasts with tne flan deflected were, in grneral, run at a
d;namiec rressure of £,21 pouade per sqguiare foot, wlich
corresponds to a velocity of atout €0 iniies per hour and
to u test Heynolds nurber of about 1,510,000,

EESJULTS AD DISCUSSICK

Coefficierts and Jorrections

The symbols used in the presentation of results are:

C, 11ft coefficient (L/qS)

Sy unccrrected drag coefficient (D/qS)

c. pitching-moment coefficient (M/qSc!')

Cl' rolling-moment coefficient (L!'/qb8)

C,! yawing-moment coefficient (¥'/qb8)

Gy, alleron hinge-moment coefficient (Ha/qﬂ')

c nominal wing chord at any spanwise location with

flaps retracted




mean aerodynamic chord

area-moment of elleron top plate about hinge axls
of alleron

twvice span of semispan model
alleron span

twice area of semispan model
twice 1ift of semispan model
twice drag of semlispan model

twice pitching moment of semispan model about
support axls

rollinz moment, due to aileron deflectlion, about
wind axls 1n plane of esymmetry

yawing noment, due to alleron deflection, about
wind axis in plane of symmetry

alleron moment about hinge axises

dynamic pressure of alr stream (1/2 pV 3) uncorrected
for blocking

angle of attask

alleron deflection relative to wing, positive when
tralling edge ie down

flep deflectlon relative to wing, positive when
tralling edge is down

plate deflection from neutral relative to alleron,
posltive when tralling edge 1ls down

stick deflecticn

rate of change of rolling-moment coefficlent C;!
with helix angle pb/2V

rate of roll

stick force

s s = e = AAS———— —— . = —— — — A ——— - S A S W e e
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v free~stream velocity

v, indicated velocity,‘mileBNQSr Kour

A positive value of L' or O;! corresponds to a

decrease in 11ft of the model and a positive value of N!
or O,' oorresponds to an increase in drag of the model.

Twice the actual 1i1ft, drag, pitohing moment, area, and
span of the model were used in the reduction of the re~
sults because the model represented half of a complete
wing. The drag coefficlent and the angle of attack have
been corrected only in accordance with the theory of
tralling-vortex imagee. Correspondling correotlions were
applied to the rolling~ and yawing-moment coefficlents,
No corrections have been applied to the hinge-moment co-
efficlents and no corrections have been appllied to any of
the results for the effects of the support strut or the
treatment of the inboard end of the wing, that 1s, for
the emall gaep between the wing and the wall, for the
leakage through the wall around the support tube, and for
the boundary layer at the wall. The drag data are com-
parative and are not presented for performance estimatlons,

The hinge moments of the alleron are presented in
coefficlent form in this report rather than in the form
presented in reference 1, which gave actual hinge moments.
The hinge moment 18 helieved to be & function of the plate
area—-moment about the alleron hinge axis and these results
are therefore more convenlently applicable to plug aller-
ong of different plate area and moment,.

LIFT OHARACTERISTIOS

The results of tests with the aileron neutral (fig.
6) show that for a flap deflection of 400 the increment
of meximum 1lift coefficient, AoLmaz' is about 1.0 and

for a flap defleotlon of 650°, 4O0; is about 1l.,1. The
max
value of 1,1 for &4Cy 1s about 0.1 higher than ACy
ax max

for the best duplex-flap arrangement reported in referenoe
3. The pitching-moment coefflclient 1s nearly the same
with the full-span slotted flap deflected as with the
duplex—-flap deflected, bDut the drag coefficlent of the
full-espan slotted flap is lower than that of the duplex
flap at any given 1lift ococefficient.

i



The maximum 1l1ft coeffioient of the tapered-wing 1s
expected to inocrease as the Reynolds number increases to
full ecale. The effeots of neither scale nor the tunnel
boundaries upon the stall were investigated.

AILERON CHARACTERISTICS

Effects of.vent modifications and flap deflesctlion,.~-

The resnlts presented in figure 7 show the effect of var-
ious vent openings on the characteristios of the plug
aileron., The mein effect on the hinge~moment ooefficlent
resulting from reducing or sealing the vente was to reduce
the values of hings~moment coeffiolent for full aileron
deflection and t0 give a region of insetability near sero
deflection. AReduoing or sealing the vents increased the
r0lling-moment coefficient in most oamases,

The rolling-moment cocefficients were greater with
the flap deflected than with the flap neutral, Increas-
ing the flap deflection from 40° to 50°, however, decreased
the rolling-monent coefficient for 8, of ~50° by 40 per-

cent at low angles of attack (figs. -7(o) and 7(e)) and by
20 percent at high angles of attack (figs. 7(o) and 7(£)).
The alleron effectiveness with the aileron near neutral
was also decreased as the flay was deflected from 40° to
50°, The gensral deorease in sffeotiveness, which was
independent of plug modifications, was probably a result
of the flap being stalled at a deflection of 50°, This
decrease msy not be present or may be muoh smaller on the
airplene because of the increase in Reynolds number. The
plug-aileron charaoteristios with the slotted flap at 50°
were somewhat similar to the ouaraoterietios obteined with
the split flap at 60° (reference 1) and with the Fowler
flap at 40° (reference 4).

The rolling-, yawing-, and hingze-moment coeffloients
at various angles of attack for. the tapered wing with plug
aileron 1 are shown in figure 8., These curves show the
variation of the hinge-moment ococefficient to be stable
near the neutral aileron nosition in most cases but the
rolling-morent effectivenese ies nevertheless low in the
small defleotion range, The rolling-, yawing-, and hinge-
moment coefficients for the tapered wing with.plug alleron
6 are shown in figure 9. An analysis of the data presented



in figure 7?7 indicated that plug aileron 6 would give
larger rolling-moment coeffiolents with lower hinge-moment
coefficlents and qnly slight instabllity near zero defleo-
tion than plug alleron 1, The varliation of the charac-
teristice with angle of attack are similar to the varia-
tions shown in figure 8.

The results show that the plug aileron gives either
favorable or only elightly unfavorable yawing-moment coef-
ficients except for the condition with flap fully deflected
at a large angle of attack. The variation of rolling-
moment ooefficient with angle of attaok 18 smaller thLan
was anticipated from the results of refersnce 1,

Effects of a movable plate.~ Previoue investigation

of the plug aileron (reference 1) has shown that the hinge
moments of the aileron may be modified by changing the
angle of the plate in relation to the rest of the alleron.
Teste of the plug aileron installed in a tapered wing also
show that the plate angle setting is ceritical. Figure 10
shows rolling-, yawing-~, and hinge-moment coefficients at
varlous plate deflections, angles of attack, and flap de-
flections,

Tests of plug aileron 5 with zero plate argle (fig.
9) indicate that, in the high-speed oondition, a small
overbalance of the control system will likely occur at low
negative aileron deflections; whereas, at high negative
alleron defleotions, the hinge~moment coefficients are of
such magnitude as to require excessive control foroes.
S8etting the plate angle at low negative defleotions made
the hinge-moment~ocoefficient ourves stable throughout the
alleron deflection range dbut increased the value of the
hinge~moment oocefficients at all negative aileron deflec-
tions. With the plate deflected -60° and at high nega-
tive aileron defleotions, the value of 30,/38, becomes

very small (fig. 10) probably because of the stalled at-
titude of the plate. Increasing the plate angle in a
pPositive direction decreasss the hinge-moment coefflclents
but increnses the instability of the aileron at low de-
flectione and decreases alleron effectiveness, DBecause a
g€lven projection is thought to be more effective, in pro-
ducing roll, near the outboard end of the aileron than at
the inboard end and, beocause the large plate area and large
moment arm tend to make the inboard portion of the plate
more effective with regard to the alleron hinge moments,
it might be advantageous to reduoe the hinge moments by



deflecting only the inboard half of the plate. With such
an arrangement, .a very small amount of aileron effective-
ness would be loet.

" The effectiveness of the agllercn 1s roughly propor-
tionel to 1ts sepan snd to 1tes projection above the wing
contour. The slleron vrojection may bde increased by in-
creasing the alleron-plate width or by ralsing the aller-
on hinge line, particularly at the outboard .end where the
maximum projection of the aileron tested was relatively .
small and where the grextest gain 1n effectlveness is to
be expected., 1In some installatlons, 1t may be advisable
to locate one or two of the outboard-alleron pivois adbove
the wing: contour' and fair over them in order to 1limit,
insofar es nossible, thelr dragz and interference,

ESTIMATED RATES OF ROLL AND STICK FORCES

The rates of r0ll aAnd the stick forces during steady
roll for the alrplane shown in fizure 5 have been estimated
from the data of figures ¢ and 10, FPlug aileron 5 was
used for ell stick-forece computationsa,

The rates 0of roll were eatimated by means of the
relationship

S!
2v ¢ (L)
P

where Otp, the coefficlent of damping in roll, was taken
as 0,46 from the data of r=ference 6. (C; is 0; in
b b ”

reference 5.) Wing twist was neglected. The stick forces
wvere estimated from the relationshin

8
- —r
Fo = CL L by < /up - hdown(b& /flown ] (2)

which may be derived from the alleron dimensions and the
following airplane characteristics:
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Wing area, saquare feet . . . . a s
L ] L] L ] [ ] L] L ] 38

Bpan; feet . . . . . . . . . . .
Taper ratio .-, .'. . . . . . . e s s v e 1.67:1

‘Alrfoll section . . e e e ¥ACA 330 series
" Mean aerodynamic chord inches . c + e . e . 84,14

M!, area-moment of aileron top plate ‘about

hinge axis of aileron, cubic -feet . . . . . 0,47
Welght, POunde . « + ¢ « « « « s « o o s o o o o = 7063
Wing loading, pounds per msquare foot . . . . . . . « 37.2
stiok leﬁ.gth. feet . . [] . . . . . . L] . . . . L] . e 2
Maximum stick deflection, degrees . . . . . . . . « #£3l
Alleron deflection at maximum stick deflection,

degrees
Linkage A L] L] L] L] L ] L] L] L] L] L] L] L ] L] L] L] [ ] L] 36' 6' -50
Iinkage B . . . . . . . . « < . e o « . . 13.3, =60

The values of ©0;' and O, used in equations (1)

and (2) are the valuee thought to exist during steady
rolling; the difference in angle of attack of the two wings
due to rolling has been taken into amaccount. The sub-
gseripts "up” and "down® refer to aileron position,

Two differential linkages and the corresponding
stick~aileron motions are shown in figure 11. Figure 12
gilves rates of roll asgs a funotlion of stick forces with
the plate neutral and witk the two assumed differential
linkages. When the flap i1s neutral, linkage A gives a
larger maximum rate of roll than linkage B; whereas the
opposite 1a true with flap deflected 40° The variation
is due to the difference in the down-aileron deflections
of the two linkages. The maximum stick force at high
speed 1is probably excessive and a small amount of over-~
balance is apparent at small stick deflectione. The
estimated maximum pb/2V avallable at high speed 1ie
somewhat lesa than the minimum value of 0,07 that 1s con-
sidered satisfactory (reference 5),

As was pointed out in reference 1, the hinge moments
can be movdified by changing the angle setting of the plate
on the top of the ailleron. Figure 13 shows the effect of
such a plate deflection on stick forces and it 1s appar-
ent that even a esmall deflection has a very powerful ef-
fect on the resulting stick forces. It would be feasidle
to set the plate at a small initial negative angle, as
was done in the arrangements of reference 1, in order to
eliminate the aileron overbalancing tendency . at low de~
flections., -
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By a sultable plate~linkage arrangement, such as 1is
shown in figure 14, the plate deflection can be varied to
give more deslrable stieck-force characteristics. as the:
ealleron is deflected upward the plate tilts to a negative
angle and provides a stable hinge-moment variation at low
alleron deflectiones and, on further alleron deflection,
the plate deflection becores positive, reducing the maxi-
mum stick forces. Figure 14 shows plate deflection
curves for two plate linkages. By use of plate llinkage
l with aileron linkage A and plate linkage 2 with alleron
linkage B, it 1s possible for the data of figures 9 snd
10 to obtain the stick-force curves ehown in figure 15.
The stick forces for alleron linkaze A wit: Dpiuite linvcage
1l are considered satisfactory, Ia tlhe ctuxutations, the
characterigtince ¢ the downgoling zilcroa vere assumed to
be independect or pnlute angle; that 1g, the gmall varia-
tions shown in figure 19 wers negliected. The effects of
& chenge of vivot localion and ¢f tke moment of the plate
about 1ts own pivot point were glae0 neglected,

Effect of yawing moment.-~ In order to determine the

effeet of the favoravle yawing~moment coefflclents on the
valuee of pd/2V estimated in figures 12, 13, and 15, an
analyelie was made for the esirplane by means of the charts
of reference 6., JIrom the charts it wes estimated that
the fgvoratle ysw for the flap-~retracted position would
increase the avparently low values .of pb/3V, ¥ith the
flaps deflected the effect of the small adverse yawing-
moment coefficient ls no% important because the estimated
pb/2Y is large; a small decrease will not therefore be
serious,

CONCLUSIONS

The results of thie investigation indicate that a
plug aileron will provide satisfactory lateral control on
a tapered-wing airplane equipped with full-span slotted
flaps. For satisfactory results, it ies essential elther
to obtaln the optimum amount of vent opening or to pro-
vide means for deflecting the plete relative to the al-
leron,

Langley Memorial Aeronautical Laboratory,
National Advisory Committes for Aeronautics,
Langley FTleld, Va.
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TABLE I

ORDINATES FOR AIRFOIL

@panvioo stations in inches from root gection.

Chord

stations and ordinates 1n percent of arbitrary wing
ohord, °1j

TABLE II
ORDINATES FOR FLAP AND SLOT SHAPES

@panwiae stations in inohes from root seotion.

Chord

stations and ordinates in percent of arbitrary wing

ohord, cﬂ
L. :
clol.E Y e —
087 lo L.E. —_— S .
/{_/' — /—BE ///O — .31nch
S R, _ 4
—

ST ST

r—' o
3%\@2 y B
xlol £ b1
AfoLf, ! Flap pivoet point

Flap stations

Model wing station O Model wing station 88.8
Upper Lower Uppsr Lower
8tation lugraoo surface Btation | gurface | surfaocs
0 0 (o] 0 (o] (o]
1.25 Z.RB -1.60 1.2 1.389 -84
2.5 .61 -2.36 2.5 2.65 -1.07
5 6.10 | -3.21 5 z.lo -1.26
7.5 7.14 -3.82 7.5 45 -1.4%0
10 7.5%59 -4.33 10 k.98 =1.52
ég &.80 -5.12 15 5.5; -1.86
9.22 -5.71 20 5.7 -2.22
25 9.40 -2.10 25 5.77 -2. 16
zg 9.37 -6.28 zg 5.71 -2.62
8.90 -6.23 2.}6 -2.70
23 8,02 -5.78 28 .78 -2.56
6.52 -2.05 L.06 =2.27
70 5. -4.10 70 3.21 -1.4
80 3.87 -2.97 80 2.26 -1.3
90 2.12 -1.6 90 l1.22 -.78
95 1.16 -.9 95 .70 -.l46
100 .18 -.16 100 .18 -.1%
100.73 .03 -.03 101.2 .05 -.05
L.E. radius: 2.65. Slops L.E. radius: O0.70. Blope
of rsadius through end of of radius through end of
ohord: 0.305 ohord: 0.305

A

Model wing station O Hodel wing station 88.8
Upper Lower Upper Lower
8tation | gurface | surfaocs Station | gyrface ourt:ce
o] -1.29 -1.29 o] -0.76 -0.76
.52 -.08 -2.30 .53 .0l -1.16
1.04 R -2.28 1.06 .36 -1.23
2.07 1.29 -2. 2.12 .80 =1.22
k.15 2.17 -2.uk k. o4 1.30 -1.10
6.22 2.23 -2.18 6.33 1.42 -.99
B'EE 2. -1.91 s, 1.35 -.87
12, 1.65 -1.32 12.72 .93 -.62
16.58 .85 -.69 16.96 .51 -.32
20.72 .03 -.03 21,20 .05 -.05
L.E. radius: 1.19 L.E. radiue: 0.32 o
Blot Bhape Flap pivot
Station O | Station 88.% Station O | Btation 88.8
Ry 5.3 5.1 A| 85.8 84
R2 2 2 B 1.7 8
x a5 83.3
¥ 2.5 3.3
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Figure 5. - Portion of airplane simulated.
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